Datums
Vertical coordinate information is referenced to North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).
Introduction
The Rio Grande Basin from the Rio Arriba-Sandoval County line, N. Mex., to Presidio, Tex. ( fig. 1 ), an area of about 26,000 square miles, is characterized as arid or semiarid and has numerous natural sources of dissolved solids (Benke and Cushing, 2005) . High concentrations of dissolved solids (also expressed as salinity) in this part of the Rio Grande Basin have been noted for almost 100 years (Stabler, 1911) . The problems associated with high salinity are of growing concern for water-resource managers as rapid urban growth in cities along the Rio Grande in the United States and Mexico causes increased water demand and changes urban, agricultural, and environmental conditions and water uses.
For example, the quality of water in the Rio Grande is becoming increasingly important as more surface water is proposed for diversion from the river for potable and non-potable uses (Langman, 2009) . Historically, high concentrations of salinity in this reach have been attributed to (1) reservoir evaporation, which increases the concentration of dissolved solids in the remaining water in storage; (2) displacement of shallow saline groundwater during irrigation, which subsequently contributes to irrigation return flow; (3) erosion and dissolution of natural mineral deposits containing high concentrations of dissolved solids ; and (4) inflow of deep saline or geothermal groundwater (Pillsbury, 1981; Allison and others, 1990, Moore and Anderholm, 2002; Philips and others, 2003) .
The U.S. Geological Survey (USGS), in cooperation with the U.S. Army Corps of Engineers (USACE), compiled salinity-related water-quality information in a geodatabase for use in the development of a comprehensive baseline salinity budget for a part of the Rio Grande included in the overall study area of the geodatabase, the reach from San Acacia, N. Mex., to Fort Quitman, Tex. The geodatabase was designed as a tool for water-resource management and includes readily available digital data sources from the USGS, U.S. Environmental Protection Agency (USEPA), New Mexico Interstate Stream Commission (NMISC), Sustainability of semi-Arid Hydrology and Riparian Areas (SAHRA), Paso del Norte Watershed Council, numerous other State and local databases, and selected databases maintained by the University of Arizona and New Mexico State University. The geodatabase was designed so that any salinity-related water-quality data collected by an agency or university can be integrated into a single repository of salinity-associated data for the Rio Grande Basin. Despite many studies by numerous Federal, State, and local agencies and universities investigating salinity sources and possible mitigation strategies, water-quality data and the ancillary information associated with data collected during the course of these studies had never been compiled into a regional, comprehensive geodatabase for the Rio Grande Basin from the Rio Arriba-Sandoval County line, N. Mex., to Presidio, Tex. 
Design and Compilation of a Geodatabase of Existing

Purpose and Scope
The purpose of this report is to provide information on the design and compilation of a salinity geodatabase for the Rio Grande Basin from the Rio Arriba-Sandoval County line, N. Mex., to Presidio, Tex. Salinity-related data and ancillary information for more than 6,000 sampling sites were compiled from readily available sources in the study area. Following a brief description of the study area, the characteristics and function of the geodatabase are described, the methodology used to compile the water-quality components of the geodatabase is presented, and adiscussion of the compiled data is provided. The geodatabase is intended to provide detailed information regarding the primary sampling locations (referred to as sites) and the associated salinity data.
Description of the Study Area
Geospatial data were compiled for the part of the Rio Grande Basin extending from the Rio Arriba-Sandoval County line, N. Mex., to Presidio, Tex. In addition to compiling readily available surface-water-quality data, groundwater data were compiled for selected shallow alluvial and basin-fill aquifers located within the Rio Grande Rift Basin along an approximately 300-mile reach of the Rio Grande in the study area, from about 5 miles north of San Acacia, N. Mex., to about 6 miles south of Fort Quitman, Tex. (fig. 1) .
The Rio Grande overlies six alluvial-fill basins in the study area-Socorro, San Marcial, Engle, Palomas, Mesilla, and Hueco (Wilkins, 1998) . Detailed descriptions of the geologic structure of the alluvial-fill basins are given in Chapin (1971 ), Hawley (1978 , Riecker (1979) , Hawley and Kennedy (2004) , Hawley and others (2005), and Hutchison (2006) .
In the study area, the Rio Grande is generally a gaining stream; groundwater inflow contributes to streamflow throughout Rincon and Mesilla Valleys. The Rio Grande is the ultimate point of discharge for the regional flow system which includes both the shallow alluvial aquifer of Rincon and Mesilla Valleys and the deeper regional flow system (Wilson and others, 1981; Bexfield and Anderholm, 1997; Hibbs and others, 2003) . However, during periods of drought, some reaches become losing streams (Wilson and others, 1981; Nickerson, 1995; Anderholm, 2002) when increased groundwater pumping causes drawdown and reversed gradients (Conover, 1954; Frenzel and others, 1992) .
According to Phillips and others (2003) , salinity concentrations are highest during the winter low-flow period when the majority of the observed flow in the Rio Grande consists of groundwater and municipal discharge. Low-flow conditions with high concentrations of salinity-related constituents limit the use of Rio Grande water for municipal supply and adversely affect agricultural and environmental uses. Phillips and others (2003) reported that salinity increased in a series of distinct "steps" from about 40 to about 2,000 milligrams per liter (mg/L) in a 1,200-kilometer stretch of the Rio Grande between its headwaters in southern Colorado and the United States-Mexico border region; some distinct steps of large increases in salinity were measured at San Acacia, N. Mex., Selden Canyon upstream from Las Cruces, N. Mex., and El Paso Narrows upstream from El Paso, Tex. (fig. 1 ).
Methodology
A geodatabase is a spatially enabled database that contains spatial and non-spatial information; it is an extension of tabular data that allows users to correlate data with physical and spatial components. With a geodatabase, geographically referenced data can be manipulated using a geographic information system (GIS) to produce maps, interactive queries, and various types of spatial analyses. A geodatabase provides a framework and an interactive tool to aid in understanding spatial trends in water-quality analysis. The various types of data are separated into relational tables in the geodatabase on the basis of how they interact and correspond with the spatial feature class. The relational tables represent a collection of features and the relations between them.
The geodatabase was built using ESRI ArcGIS and Microsoft© Access software. Multiple agencies and universities (listed in the "Introduction" section) maintain salinityrelated data that were used to construct the geodatabase in that part of the Rio Grande Basin defined by the study area. The primary steps involved in developing the geospatial database were compiling data, entering data into the geodatabase, ensuring data quality, and documenting the associated metadata.
Geodatabase Design
The geodatabase was designed to be a single, comprehensive repository for salinity-related data and ancillary information for the study area maintained by numerous Federal, State, and local agencies and universities. Wellborn and Moreo (2007, p. 4) describes the elements of an efficient geodatabase design, elements used in the design of this geodatabase: "a thematic approach [is used] to create layers of feature data within a geographic information system (GIS). The various features are stored as relational tables in the geodatabase on the basis of how the features interact and correspond to one another. These features, tables, and relations represent realworld spatial, temporal, and descriptive attribute interactions (Zeiler, 1999) ."
For this geodatabase, point feature classes represent sampling locations in the study area. Attribute information tables are used to store detailed information needed to link information from related tables of data. The geodatabase contains one point feature class, five attribute information tables, and two relationship classes ( (McLeod, 1976) . The use of a parameter code rather than the full parameter description in the result table increases storage, retrieval, and updating efficiency. The collecting-agency table and data-source table contain non-spatial data that provide detailed information about the agencies and universities that collected and provided the data. This information is also used as domains and provides record-level metadata in the result and sample tables.
Geodatabase Compilation
As a first step, environmental data were compiled from existing digital databases maintained by Federal, State, and local agencies and universities (table 2). The USGS, USEPA, NMISC, and SAHRA maintain extensive environmental databases that include salinity-related water-quality data; these databases provided the majority of the data compiled. USGS water-quality data were obtained from the National Water Information System (NWIS). USGS data include The next step after the environmental data were compiled was to identify and isolate salinity-specific data from the rest of the data received. A representative from the USGS, New Mexico Water Science Center (Doug Moyer) was consulted to develop a list of potential terms that might have been used to describe salinity-related constituents (referred to as parameters in this geodatabase) as part of a salinity-related water-quality investigation. A search of all parameters used in each agency or university database was done and the resulting salinityspecific data were then reviewed by NMISC and USACE. A table of all parameters used to describe results reported by source agencies was generated and used for data querying and quality-assurance measures.
Data Input
Comparable fields within each agency's data structure were identified. Structured query language (SQL) code automated the creation of tables for site, sample, parameter, and result data (appendixes 3 and 4). The SQL code isolates appropriate data, then maps comparable fields and appends them into a single table. Once the tables were created, they were loaded into a geodatabase framework that supports linked tables, domains to interpret coded values, and spatial locations. This automation documents the comparable fields, selects appropriate data, and facilitates updates to minimize human error.
Data Quality Assurance
Duplicate data can occur when multiple agencies are reporting the same data in one or more databases used in a compilation effort. Elimination of duplicate data is essential to ensure the integrity of data being queried and ensures that the database does not contain information that could bias subsequent analyses.
Identification of duplicate data was performed both spatially (location on the earth) and temporally (date and time). Database queries analyzed site name and sample dates whereas spatial analysis compared site locations. Sample information queries were written to identify potential duplicate data on the basis of location and date. Samples were considered duplicates if the site identifier, sample date, and parameter result values were identical. If an entire dataset was duplicated elsewhere, the original dataset was used and the duplicate excluded.
To examine duplicates based on proximity or spatial location, all sites within 30 meters of another site were visually inspected using ESRI ArcGIS™ software. If a site was within the 30-meter buffer or very close to a USGS site (well or gage), then the USGS site location was given priority and input into the geodatabase. If no USGS site locations were found within the 30-meter buffer, then criteria based on originating agency, site period of record, and data richness of the site location were used to establish the site identifier, which was captured in the geodatabase. Additional methods such as examining well locations with digital orthophoto quarter quadrangles and USGS topographic maps were used to determine the accuracy of the spatial coordinates assigned by an agency or individual.
Metadata
Metadata that comply with Federal Geographic Data Committee (FGDC) standards were created for each spatial component. The metadata record documents the basic characteristics of the data or information resource in the study area. Metadata components include information such as the title, abstract, and publication date of source documents; geographic elements such as geographic extent and projection information; and database elements such as attribute label definitions and attribute domain values. The metadata record for the sites feature class is contained in appendix 5. 
Duplicate Resolution
Samples and Results
Sample and result data were imported into the salinity staging database and cross-checked for duplicates by sample date/time and parameter results. If a sample and result pair was duplicated in another dataset, the data closest to the original (native) data source was used. Example: USGS staff sampled a well on July 9, 2007, and uploaded results into NWIS. TWDB received the sample and result data and uploaded the results into their system. Because both systems contain the same information, the original data would be used, in this case NWIS. 1, 4, 5, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 21, 26) 
